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PROBLEM TO BE SOLVED: To provide a dielectric resonator having a 
new structure to be expected an improvement of the Q characteristics 
and the temperature characteristics, and capable of controlling 
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SOLUTION: The dielectric resonator using a dielectric as medium 
newly introduces an inner structure divided by prescribed distance in 
addition to a predetermined external structure being held as a whole. 
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and mutually coupling between neighboring parts, constituting the ' " 

internal structure by evanescent electromagnetic field, and the division 
is desirably one of planar division, annular division, or radial division. 
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JFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2;**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new dielectric resonator which has especially a internal structure 
with respect to the resonator currently widely used for the electrical and electric equipment and an electronic circuitry. 
[0002] 

[Description of the Prior Art] Although the property that a resonator is widely used for the electrical and electric 
equipment and an electronic circuitry, and those circuits are the electrical and electric equipment and electronic parts 
which help to demonstrate a predetermined function, and generally are required of a resonator changes with 
applications, the low loss (high Q value) with high temperature stability which can excite alternatively the mode in 
which resonance mode does not crowd too much but wishs (spurious characteristics are good), and a nonlinear 
characteristic and a distorted property are cheapness and **** with small fitness, and a configuration and weight. In 
common, in order to attain a miniaturization depending on an application, high dielectric constant nature is required, 
and in order to treat large power, a low distorted property may be required. [ especially the property for which the 
dielectric resonator which used the dielectric that in a RF circuit used as the medium is asked ] [ many ] [ spurious 
characteristics, temperature stability, and low loss ] Although the dielectric resonator of the outstanding property which 
fills these demands has been developed variously, even if it takes which property, since the demand from a circuit 
engineer does not have the place at which it stops, it is in a condition far from saying that it is perfect as a matter of 
course. 

[0003] In view of this situation, this invention person can perform the temperature characteristic, control of mode 
arrangement, etc. freely first, and it aims at offering the resonator which can expect the large improvement in a 
resonator property. The dielectric particle of 1/10 or less magnitude etc. was made in general into the unit particle, and 
the resonator using the artificial medium of the wavelength of the target electromagnetic wave which arranged this unit 
particle in heterogeneity homogeneously in other parent media was proposed (application for patent No, 178009 [ 2001 
to ]). This invention by making a unit particle sufficiently smaller than the wavelength of the target electromagnetic 
wave approach enough, and arranging it in large quantities Although it is the technique in which the resonator using the 
artificial medium which can apply macroscopic configuration relational expression can be offered, and the temperature 
characteristic, control of mode arrangement, etc. can be freely performed taking advantage of the description that 
various selections and combination are possible The resonator which has the internal structure which divided and 
constituted the medium which can apply macroscopic configuration relational expression is not offered. 
[0004] As a conventional technique relevant to the resonator which has a internal structure, the current distribution on 
the strip conductor of a strip resonator becomes very large at the end. It is known that this current concentration will 
make conductor loss increase, and will reduce conductor Q (Qc). A strip conductor the proposal to divide should do (it 
Mansour(s) R. - R. -) et al: Feasibility and commercial validity issues for high-power output multiplexers for space 
applications, EEEETrans.Microwave Theory Tech., Vol.48, pp.1 199-1208, and July 2000, It was expected by division of 
a strip conductor that the bias of current distribution is eased (R. E.Collin:Foundation for microwaveengineering, 
Mc.Graw Hill, p.165, 1992). 

[0005] Moreover, in the cavity resonator for electron-spin-resonance equipments which equipped JP,-2001-330572,A 
with the spherical cavernous section ****(ed) in the non-magnetic-material block, and the microwave I/O hole from the 
cavernous section, the technique which divides and/or joins a non-magnetic-material block is indicated in respect of 
being parallel to the microwave current which flows the wall of the cavernous sectioa This conventional technique 
tends to offer the technique which can be manufactured easily, preventing the fall of Q value by attaining smoothness 
with the advanced wall front face of the cavernous section for the cavity resonator with which very large Q value is 
expected by theoretical count, and securing the smooth flow of the surface current of microwave, moreover, 
electromagnetic field [ in / in JP,2001-251 1 10,A / opening of an electrode ] - shutting up — a sex - raising — and 
current concentration — stopping — a conductor — in the resonator which prepared the electrode on the dielectric 
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substrate and prepared slot-like opening in the electrode, the resonator in which the pattern which divides some [ at 
least ] slot widths of slot-like opening into slot-like opening was formed is indicated for the purpose of reducing loss, 
electromagnetic field shutting up this conventional technique by making a slot width thin, it raising a sex, forming the 
structure which arranged in juxtaposition two or more slot resonators divided into the electrode pattern, and making the 
current of hard flow approach mutually — the conductor in the electrode pattern section - loss - almost - losing — the 
conductor of the edge of both sides — it is made only for loss to remain 

[0006] No these conventional techniques offer the resonator which has the internal structure which prepared the 
predetermined gap, divided the medium which can apply macroscopic configuration relational expression, and 
constituted it 
[0007] 

. [Problem(s) to be Solved by the Invention] This invention was made in view of the situation mentioned above, and 
control of spurious characteristics is possible and it aims at offering the dielectric resonator which has the new structure 
where an improvement of a Q factor and the temperature characteristic is expectable. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention of claim 1 is the 
dielectric resonator which used the dielectric as a medium, and this dielectric holds predetermined external structure in 
general as a whole, and it uses it as the dielectric resonator which has the internal structure which prepared the 
predetermined gap and was divided. 

[0009] Invention of claim 2 is invention concerning a gestalt with desirable predetermined spacing which constitutes 
said internal structure, it is the dielectric resonator which made said predetermined gap the gap of extent which the 
components which constitute said internal structure and adjoin combine mutually strongly by EBANE cent 
electromagnetic field, and invention of claim 3 is the dielectric resonator of the appearance upper limit of said dielectric 
resonator made in general or less into 1/10 about said predetermined gap further. 

[0010] Invention of claim 4 is invention concerning the gestalt of the division which constitutes said internal structure. 
It is the dielectric resonator which considered said division as division which does not disturb electric-field distribution 
and/or field distribution in the specific mode in general. Invention of claim 5 On the contrary, it is the dielectric 
resonator which considered said division as the division which disturbs electric-field distribution and/or field 
distribution in the specific mode, and invention of claim 6 is the dielectric resonator which made said division either 
tabular division, annular division or radial division. 

[001 1] Invention of claim 7 is invention concerning the gestalt of the member of the components which constitute said 
internal structure. It is the dielectric resonator made into the internal structure which has arranged two or more 
components with which specific inductive capacity differs said divided internal structure, without preparing or 
preparing a predetermined gap. Invention of claim 8 Furthermore, it is the dielectric resonator made into the internal 
structure which has arranged two kinds of components with which specific inductive capacity differs said divided 
internal structure by turns, without preparing or preparing a predetermined gap. 
[0012] 

[Embodiment of the Invention] Generally, a property is decided by the ingredient (element) which uses a resonator, and 
its structure, and this is a fact not only common to a resonator but all circuit elements. The structures said here are an 
interaction between elements, and a concept which determines relation, and in a resonator, if the structure is decided, 
electromagnetism-boundary condition will become settled. For example, the resonance frequency which is the most 
important attribute of a resonator supports the specific resonance mode (electromagnetic-field distribution) decided by 
boundary condition. This structure is the so-called "appearance", and usually calls this external structure by this 
invention. That is, the external structure said by this invention means the overall appearance for acquiring the 
predetermined resonator property made into the purpose. 

[0013] On the other hand, the greatest description of this invention is in the place which newly introduced the internal 
structure which prepared the predetermined gap and was divided in die dielectric resonator which used the dielectric as 
a medium, holding predetermined external structure in general as a whole. That is, the greatest descriptions of this 
invention are the many hierarchies of structure at the multiplicity of the structure of having the external structure of the 
^'appearance" of a dielectric resonator, and the internal structure which divided it, and twist accuracy. In addition, a 
internal structure can also carry out this invention as a dielectric resonator which has the structure which many 
hierarchized this further and became many steps like a fractal. 

[0014] By establishing a internal structure, it becomes possible to improve other properties, securing the predetermined 
property made into the purpose of a dielectric resonator, or to improve the predetermined property made into the 
purpose. For example, when the dielectric resonator which is resonating on the predetermined frequency is divided so 
that electromagnetic-field distribution (further electric-field distribution) in the mode may not be disturbed, the 
difference in the mode is a synonym mostly with the difference in electromagnetic-field distribution, and the division 



means surely disturbing electromagnetic-field distribution in other modes. That is, the dielectric resonator which has 
ideally the extremely excellent spurious characteristics which resonate only in a certain specific mode by such division 
becomes producible. On the contrary, other properties acquired can also be used by performing division which disturbs 
electromagnetic-field distribution in the specific mode positively. In addition, the division which does not disturb the 
electromagnetic-field distribution as used in the field of this invention is division which performs them among the 
electromagnetic-field distribution decided by external structure where it does not have a internal structure as does not 
disturb electric-field distribution and/or field distribution in the specific mode as much as possible, for example, the 
division performed along a field in general parallel to the line of electric force in the specific mode is the example. 
Moreover, the division which disturbs the electromagnetic-field distribution as used in the field of this invention is 
division which performs them among the electromagnetic-field distribution decided by external structure where it does 
not have a internal structure as disturbs electric-field distribution and/or field distribution in the specific mode as much 
as possible, for example, the division performed along a field in general perpendicular to the line of electric force in the 
specific mode is the example. 

[0015] moreover, it is shown also to the above-mentioned conventional technique by this division - as - a conductor — 
it becomes possible to ease the concentration to the edge of the upper current distribution, and to reduce conductor loss, 
and a Q factor can be improved. Furthermore, various internal structures are possible and the improvement of the 
temperature characteristic etc. can also be expected again. 

[0016] As for predetermined spacing which constitutes a internal structure, it is desirable that the components which 
constitute a internal structure and adjoin by the meaning of this invention of holding predetermined external structure in 
general as a whole, and constituting one dielectric resonator as a whole consider as the gap of extent mutually combined 
strongly by EBANE cent electromagnetic field, and it is still more desirable to consider [ of the appearance upper limit - 
of a dielectric resonator ] as 1/10 or less gap in general. 

[0017] Especially as a gestalt of the division which constitutes the internal structure of this invention, although this 
invention is not limited, it is desirable to cany out to either tabular division, annular division or radial division. 
Although the internal structure which considered as tabular and annular, or a radial, and carried out the laminating of 
this is possible, there is a difficulty that a manufacturing cost increases. 

[001 8] Next, the gestalt of the member of the components which constitute a internal structure is explained. The 
. dielectric resonator of this invention can also carry out two or more components with which specific inductive capacity 
differs, for example as a internal structure arranged without preparing or preparing a predetermined gap, and can also 
carry them out as a internal structure arranged by turns, without preparing two kinds of components with which specific 
inductive capacity differs further although all the divided internal structures can also be constituted from components of 
the same member, or preparing a predetermined gap. While being able to aim at mechanical stability by considering as 
the internal structure which has arranged by turns two kinds of components with which these specific inductive capacity 
differs, without preparing or preparing a predetermined gap, in addition to lo w-loss-izing using the energy concentration 
to the small high member components of Q value, a dielectric constant can also realize improvement using the 
difference of the dielectric constant temperature characteristic in the overall temperature characteristic to coincidence. 
[0019] In addition, about the production approach of the concrete member to be used or a concrete dielectric resonator, 
this invention cannot require any limitation or a limit, can apply the member of a well-known technique, or the 
production approach of a dielectric resonator, and can apply the production approach of the member still more newly 
developed or a dielectric resonator etc. so that clearly [ the above-mentioned explanation ]. 
[0020] It is made above. The dielectric resonator of this invention It is the dielectric resonator which established the 
internal structure which prepared the predetermined gap and was divided, holding predetermined external structure in 
general as a whole. This invention Since it becomes possible to improve other properties or to improve the 
predetermined property made into the purpose, securing the predetermined property made into the purpose by 
establishing a internal structure, Control of spurious characteristics is possible and the dielectric resonator which has the 
new structure where an improvement of a Q factor and the temperature characteristic is expectable can be offered. It 
presupposes that offer of the electrical and electric equipment and electronic parts which can respond to the social 
demand to the electric-wave service which is increasing rapidly in fields, such as satellite communication and mobile 
communications, effectively is possible for this dielectric resonator, and the social meaning is large. ' 
[0021] 

[Example] Drawing explains the example of this invention to a detail hereafter. In addition, although it is constituted 
including an input/output terminal, an electrode, etc. though a dielectric resonator is natural, in the following examples, 
it explains centering on the dielectric which has the internal structure which is the greatest description of this invention, 
and attached input/output terminal, electrode, etc. omit the illustration or explanation. 

[0022] The dielectric resonator using the high dielectric constant ceramics is a general-purpose resonator which has 
played the role important as a component of the low loss small microwave BPF, and the external structure of a dielectric 



explains a cylinder-like dielectric resonator as an example by this example. Drawing 1 is the conceptual diagram 
showing electromagnetic-field distribution of this dielectric resonator, (a) is electromagnetic-field distribution of lowest 
order mode (TEOldelta), and (b) - (d) is electromagnetic-field distribution of the higher mode following it, 
[0023] Although the division approach for forming the internal structure of this invention in the dielectric of the 
cylindrical dielectric resonator which has electromagnetic-field distribution as shown in drawing 1 changes with the 
purposes, it explains division which does not disturb electric-field distribution and/or field distribution in the specific 
mode in general by this example. That is, for example, when this specific mode is made into the lowest order mode of 
drawing 1 (a), by performing division which keeps high a respectively equivalent dielectric constant or respectively 
equivalent permeability only to the sense of the line of electric force of lowest order mode, or line of magnetic force, 
only the TEOldelta mode can be made to be able to survive alternatively and other unnecessary modes can be 
oppressed. However, since magnetic effectiveness does not exist in a dielectric and control of permeability cannot be 
performed, specifically, division which considered control of an equivalent dielectric constant will be performed. In 
addition, it is similar to an overall capacity falling that an equivalence dielectric constant becomes low in the thickness 
direction in the structure which piled up the sheet of a dielectric, if series connection of the capacitor is carried out. 
Conversely, it corresponds to the parallel connection of a capacitor that a dielectric constant is kept high in the direction 
parallel to thickness, 

[0024] As a desirable split plot experiment of dielectric division parallel to the line of electric force of this drawing 1 
(a), there are (a) plate-like division and (b) division in a circle of drawing 2 , for example. In addition, (c) flabellate 
form division (radial division) which is another typical split plot experiment is doubled and shown in drawing 2 . 
[0025] Next, the result calculated using the commercial RF electromagnetic-field analysis software HFSS (product 
made from ANSOFUTO) is explained about plate-like division and division in a circle, in addition, the dielectric 
assumed by count - external structure - the diameter of 6.0mm, and height of 1.8mm — it is cylindrical and is the high 
dielectric constant ceramics of specific inductive capacity 38. Moreover, it is division that plate-like division made the 
thickness and the g ap (0.4mm) of a plate the same about division, respectively etc., and division in a circle is the 
division which made the samelfie thickness and the gap (0.4mm) of a circular ring, respectively. 
[0026] Drawing 3 is drawing having shown an example of the relation between the number of partitions and resonance 
frequency about division in a circle comparatively by plate-like, the frequency in the TEOldelta mode hardly changes, 
but other higher modes show signs that it shifts to a RF side with division. That is, becoming producible [ drawing 3 / a 
dielectric resonator with the extremely excellent spurious characteristics which control the higher mode and resonate 
only to lowest order mode TEOldelta ] according to this example is shown. 

{0027] Drawing 4 is (a) which is the 2 modes shown in drawing 1 R> 1 about the case of plate-like 2 division, i.e., 
lowest order mode. It is drawing having shown electromagnetic-field distribution in the TEOldelta mode and the (b) 
HE1 1 delta mode which is the typical higher mode. It is shown that drawing 4 has changed from the distribution 
( drawing 1 (b)) without division sharply in the HE1 1 delta mode which is the higher mode to electromagnetic-field 
distribution in the minimum following TEOldelta mode not being different from the distribution ( drawing 1 (a)) 
without division, and this is the cause of a frequency shift of the higher mode accompanying division. 
[0028] Table 1 compares and shows Qc at the time of quadrisecting with the case where he has no division about plate- 
like division and division in a circle. 
[0029] 
[Table 1]^ 
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[0030] Qc the case where he has no division, and in with division is compared, line of electric force is the mode 
(HE1 ldelta of plate-like division and TMOldelta, EH1 ldelta of division in a circle, and TMOldelta) perpendicular to a 
parting plane, and Table 1 shows that Qc goes up greatly by division. It concentrates on the gap whose electric field are 
almost non-lost fields, consequently Qc goes up as this is shown in electric-field distribution (the following figure of 
drawing 4 (b)) in the HE1 ldelta mode of drawing 4 (b). According to this invention, this result also shows again that 
other properties (this example rise of Qc of the higher mode) acquired can be used by performing division which 
disturbs electric-field distribution and/or field distribution positively. 

[003 1] In addition, if it removes having the internal structure into which the dielectric established the predetermined gap 
and was divided, the dielectric resonator of this example is the same as that of the configuration of the conventional 
dielectric resonator, and can be manufactured by the same production approach using the same member as the 
conventional dielectric resonator. As mentioned above, although the example of this invention was explained, it is clear 

\ 

i 



that various modification may be made by the gestalt and details, without deviating from the pneuma and the range of 
this invention specified by the claim. 

[0032] For example, in this example, although the external structure of a dielectric explained the cylinder-like dielectric 
resonator as an example, it is also possible to carry out with gestalten, such as the shape of a re ctangle or an elliptic 
cylinder, and this invention is not limited at all, for example. Moreover, in this example, although division — plate-like 
(division made the thickness and the gap of a plate the same about plate-like division and division in a circle, 
respectively - and division in a circle were explained per [ which made the thickness and the gap of a circular ring the 
same, respectively ] division, they can also disunite and carry out thickness and/or a gap. 

[0033] Furthermore, it is the parameter which the numbeTdf division, the configuration of division components, spacing 
between adjoining division components, its configuration, etc. should double with the property of the dielectric 
resonator made into the purpose, and should be optimized, and it cannot be overemphasized again that it selects suitably 
and can carry out. 
[0034] 

[Effect of the Invention] The dielectric resonator of this invention is a dielectric resonator which established the internal 
structure which prepared the predetermined gap and was divided, holding predetermined external structure in general as 
a whole. This invention Since it becomes possible to improve other properties or to improve the predetermined property 
made into the purpose, securing the predetermined property made into the purpose by establishing a internal structure, 
Control of spurious characteristics is possible and it is effective in the ability to offer the dielectric resonator which has 
the new structure where an improvement of a Q factor and the temperature characteristic is expectable. 



[Translation done.] 



